vegetation in East Africa and tropical timberlines elsewhere (eg, Smith 1977; Laegaard 1992; Kessler 1995; Miehe and Miehe 1994a; Luteyn 1999 ). The present article will synthesize information currently available for parts of northeastern Africa.
Study areas
Observations are presented from 4 tropical mountains in East Africa, where the authors conducted studies in recent years.
The Simen Mountains are situated in northern Ethiopia (13°N, 38°E), and the Bale Mountains in the southeastern part of the country (ca. 6°45'N, 39°45'E). The equatorial zone of East Africa is represented by Mount Elgon at the border of Uganda and Kenya (1°N, 34°30'E) and by the Ugandan part of the Rwenzori Mountain Range (0°10'N, 30°E). While the latter is a Precambrian block that was lifted to its present elevation in the late Tertiary, the other ranges are a result of Tertiary volcanism. The mineralogical composition of the parent material differs among the mountains, but highaltitude soils show considerable similarities. The soils of the ericaceous and the lower afroalpine belts are rich in organic matter and are relatively acidic. Common soil types are Andosols, Gleysols, and Histosols, with welldeveloped profiles (Hurni 1978; Miehe and Miehe 1994b; Osmaston 1996; Wesche 2000) . All ranges reach well above the present timberline at 3200-3500 m, so that the gradual transition of ericaceous vegetation to afroalpine grassland could be studied.
Impact of fires on the ericaceous belt
Evidence for fires comes from all afroalpine environments in the region. Postfire successions and charred plants were observed in Simen (Kaeppeli 1998; Nievergelt et al 1998) , and recurrent fires are held responsible for the physiognomy of the ericaceous belt in the Bale Mountains Miehe 1993, 1994b) . Devastating fires were directly observed on Mount Elgon, where more than half of the ericaceous and afroalpine vegetation burned in 1997 and again in 1999 (Wesche 2000) . Even in the humid Rwenzori Mountains, Miehe and Miehe observed charred trunks of Erica trimera at several locations in the ericaceous belt in 1997.
The 4 study areas have a generally moist climate ( Figure 3 ). Annual precipitation generally exceeds 1000 mm, with distinct seasonal distribution. The Simen Mountains, as the northernmost site, display a unimodal precipitation regime with a marked dry season from December to March (Hurni 1982 Comparison of high-altitude climatological conditions at the four study sites. All data are presented as the familiar Walter diagrams Lieth 1960-1967) . The data were compiled from various sources (Osmaston and Pasteur 1972; Hurni 1982; Hillman 1986; Wesche 2000) . No long-term measurements of air temperature are available for the Rwenzori Range.
season is short in a given year, high-altitude soils can retain sufficient moisture to prevent burning. Thus, the severity of the dry season is crucial for the occurrence of high-altitude fires. On Mount Elgon, devastating fires in 1997 followed 8 entirely dry weeks in 1997 and 7 dry weeks in 1999. Under such conditions, ericaceous and afroalpine vegetation started to wilt and even Erica trimera plants in bogs showed clear signs of desiccation.
Partly dried plant matter burned rapidly in high-intensity fires under such conditions on Mount Elgon. While the climatic records suggest the regular occurrence of similar climatic conditions in the Ethiopian mountains (Figure 3) , severe droughts are probably rare in the Rwenzori Mountains. This points up the importance of interannual variation in the East African climate. The region is notorious for major changes in conditions from year to year (Griffiths 1972; Nieuwohlt 1978) . The dry season in 1997 was extremely pronounced, and long-term records from the footzone of Mount Elgon suggest intervals of 2-8 years for such droughts. Thus, at least for Mount Elgon, severe fires might be expected with a similar frequency; fire-induced changes in the ericaceous vegetation are a consequence.
Dynamics of ericaceous vegetation at the study sites Simen Mountains
The Simen Mountains differ from the remaining study sites due to their northernmost position and unimodal precipitation regime. Erica arborea, the local Erica species, occurs all over Eastern Africa and the Mediterranean. It is the dominant woody species between 2900 and 3900 m in the Simen Mountains, occurring in any form from single-stemmed trees to low multistemmed dwarf shrub. The range's Erica forests show an uplift of up to 120 m and a thickening of the forests toward the upper timberline within the last 30 years (Figures 4, 5; Nievergelt et al 1998) .
More favorable climatic conditions or reduced human and animal pressure could have induced these changes in forest distribution. In order to test the climatic hypothesis, long-term records of rainfall and temperature would be necessary to correlate rainfall, temperature, and growth increment, but unfortunately, only short-term records are presently available. For this reason, a dendroclimatological approach was recently tested in the Simen Mountains, but it yielded no meaningful results (Kaeppeli 1998) . The application of dendroclimatology was aggravated by the following circumstances: the lack of old Erica arborea trees (no extensive climatic records), eccentric growth of most individuals (many wedging rings), human impact (suppression or overlap of climatic signals in the wood), and occasionally more than one dry or rainy season (intraannual fluctuations in the wood structure). For these reasons, dendroclimatology with Erica arborea in the region is not very promising.
There is evidence for recent climatic change in afroalpine environments from studies on glacial retreats (reviewed in Hastenrath et al 1997) . However, given that neither climatological nor dendroecological information is available for the Simen Mountains, we (Körner 1998) . Since management of the Simen Mountains National Park has become more effective in recent decades as well, reduced human impact caused by cattle grazing, wood cutting, or burning is another possible explanation for apparent change. Although Nievergelt et al (1998) observed increased regrowth and forest extension of Erica arborea after a widespread fire in the Simen Mountains, ericaceous vegetation normally benefits from reduced human impact (Kaeppeli 1998) . This question can only be resolved by permanent monitoring.
Bale Mountains
Miehe and Miehe studied the ericaceous vegetation of the Bale Mountains in some detail. They adopted a primarily phytosociological approach that was supplemented by short-term climatological measurements (1994b). The local taxa of Erica trimera show a gradual transition from single-stemmed trees to multistemmed shrubs over an altitudinal range between 3100 and 4200 m. Striking features of the vegetation pattern in the Bale Mountains include sharp borders between ericaceous forests and afroalpine dwarf-shrubland with Helichrysum splendens, remnant groves high above the closed forest line, and spherical Erica trimera plants with well-developed lignotubers ( Figure 6 ). Short-term measurements suggested no climatological background for these features (Table 1) . Soil temperatures were not lower above the upper limit of the ericaceous belt but higher as a result of more insolation in the open vegetation. Although soil temperatures of 5-7°C are usually considered critical for (tropical) timberline formation (Walter and Medina 1969; Winiger 1986; Körn-er 1998) , this threshold appeared to be unimportant in the Bale Mountains. Afroalpine grasslands with no ericaceous vegetation nearby still showed subsoil temperatures of up to 9°C (Table 1) .
Traces of former fires were common everywhere in the ericaceous belt. Trunks of Erica trimera plants were regularly charred and lignotubers must also be regarded as a result of recurrent injury. At some sites, the tree trunks were apparently killed by a severe fire and plants regenerated through suckers from the base of the plant. Even where groves survived, a patchy and heterogeneous vegetation structure hints at regular disturbances. The evidence from the Bale Mountains clearly revealed that the present physiognomy of ericaceous vegetation is a result of repeated burning. Fires altered the structure of the present stands of ericaceous vegetation, but more important, they triggered a large-scale replacement of Erica trimera-dominated communities by afroalpine grasslands and Helichrysum scrub (Miehe and Miehe 1994b). Thus, the present timberline was lowered by several hundred meters due to the impact of fire in the Bale Mountains.
Mount Elgon
One of the authors had the opportunity to study fire successions in the lower afroalpine zone and the ericaceous belt of Mount Elgon (Wesche 2000; Wesche et al 1999) . Dry season conditions at the time of the study were particularly pronounced. Eight weeks were completely dry from February 1997 and again from December 1999 onward. Long-term records from the footzone of Mount Elgon revealed that months with less than 10 mm total precipitation are unusual and occur only every 4-8 years (Tororo 1960 -1999 , MNR 1999 . Extremely dry conditions in 1997 made burning experiments at 3600 m on Mount Elgon possible; later about two thirds of the afroalpine zone of the mountain were completely burned by poachers. Results of the experimental studies were confirmed by observations in these areas. A continuous stay of 14 months and a second visit 25 months after the fires allowed an assessment of secondary successions following the fires. Both individuals and plant communities on entire plots were monitored for this period. The local heather species Erica arborea, E. trimera, and the tree heather E. excelsa burned fiercely when lit. As the plants contain high amounts of volatile oils, they literally exploded in high-intensity fires. Although combustion was complete for all twigs and leaves, plants usually survived the burning and produced new suckers within half a year's time. The annual growth of the suckers was always well below 20 cm a year. Even tall Erica excelsa trunks were not capable of quicker recovery and were still largely denuded 2 years after the fire (Figure 7) . The typical structure of a closed canopy forest had by no means recovered within the duration of the study period. Similarly, slow growth rates were observed for the accompanying ericaceous species (Stoebe kilimandscharica, Anthospermum usambarense).
In sharp contrast to the ericaceous vegetation, afroalpine grasslands recovered almost completely within 9 months after burning, and 2 years after burning no traces hinted at a previous fire. Fires triggered change neither in the species composition of the burned tussock grasslands nor in the relative cover of the species concerned.
Given that charred trunks of Erica spp and Dendrosenecio elgonensis were common everywhere in the afroalpine zone of Mount Elgon and that grasslands recover faster than woody vegetation, the present physiognomy of the high-altitude vegetation must be considered as a fire pattern. Woody vegetation was largely replaced by grassland; tall ericaceous vegetation survived in remnant groves and only occasionally in deep valleys, around rocky outcrops, or on boulder streams (Figure 2) . Again, temperature differences between sites were not responsible for this pattern. Temperatures in an ericaceous scrub on a valley bottom were more extreme than on the neighboring grassy slopes, where no Erica trimera grew (Table 2) .
Rwenzori Range
Since working conditions are adverse in the area (wetness, political instability), only casual observations are available. When camping in the upper afroalpine zone in 1934, Synge and his party accidentally lit a grassland fire (Synge 1985) . Langdale-Brown et al (1964) reported that ericaceous vegetation "will burn fiercely in dry weather, even on the Rwenzori in exceptional dry seasons." Such an unusual dry season was experienced by Miehe and Miehe in February 1997 , when no rain fell for at least 3 weeks. The mountain range was closed due to rebel activities shortly afterward, so neither the extent nor the occurrence of potential fires is known. The authors observed no fires personally but were able to take phytosociological samples of the ericaceous vegetation on the Ugandan side of the range. There is no doubt that the Rwenzori Mountains support the most intact ericaceous belt of all the mountain regions considered. Extended Erica forests are still found, and the epiphytic vegetation indicates that conditions are predominantly moist. Nevertheless, several sample plots of ericaceous vegetation showed a patchy vegetation structure, and bracken (Pteridium aquilinum), as a typical postfire successional species, covered large areas in the montane belt. Moreover, heather trees commonly had charred trunks, evidence that fires had definitely occurred recently. Although fires undoubtedly occur in the Rwenzori, they are small in scope by comparison with the vast and largely undisturbed remaining stand of Erica forest.
Other mountains in the region
The examples given so far are representative of the whole "afromontane archipelago" (White 1983 ). Fires are described for virtually all higher mountains in the region. The most important examples are the Aberdare Mountains (Bader 1976; Schmitt 1991) and Mount Kilimanjaro (Beck et al 1986) . The latter area also experienced a severe dry season in 1997, resulting in the burning of large parts of the ericaceous forests (A. Hemp, personal communication). Any traveler can easily see traces of recent fires on Mount Kenya, where they are a part of land management. Although the smaller mountains have been scientifically neglected in recent decades, descriptions of fires are nonetheless available (eg, Thomas 1943; Snowden 1953; Jackson 1956; Mabberley 1975) .
The human dimension
We have discussed the climatic preconditions for highaltitude fires but not sources of ignition. Usually natural causes such as lightning or rockfalls (Killick 1979) are cited, although the predominance of man-made fires is widely acknowledged (Hedberg 1964; Beck et al 1986) . We cannot rule out fires ignited by natural agents, but we know of no empirical evidence for this. None of the authors has ever observed a naturally ignited fire in an afroalpine environment; on Mount Elgon, virtually all fires were ignited by poachers. There is a strange imbalance between the general importance of fires in East African mountains and the complete lack of reports on naturally ignited fires. The same holds true for the Páramos, where apparently no reports of natural fires have been published so far (Luteyn 1999) . We know of only one unpublished report of lightning causing fires in Polylepis woodland in Bolivia (Bode 1998) . Thus, we hypothesize that the overwhelming majority of fires in tropical mountains are man-made, with natural causes contributing at most a minor fraction.
The reasons for igniting a fire are manifold. In the Bale Mountains, cattle are kept even in the afroalpine zone. Since fires promote grasses and clear away the hiding places of hyenas, burning is an easy tool for improving grazing conditions. Cattle were grazed in the afroalpine zone on Mount Elgon up to the 1980s, so the situation was probably similar. Cattle grazing is unimportant today, but poaching has become a common source of income. Dense scrub and even high mature tussock grassland severely hamper hunting, so fires are an option. Moreover, bee hunters and forest-dwelling farmers make frequent use of fire that can easily spread from the montane forest into the ericaceous belt.
The central parts of the Rwenzori Mountains are so remote that even locals do not travel there. But traces of fires were found even in this remote and perhumid mountain region. Some settlements were established here during the Ugandan Civil War in the 1970s and 1980s, but these were restricted to the montane forest. When political conditions stabilized, they were largely abandoned, and only the lower montane zone is presently utilized.
The Simen Mountains outside the National Park are a densely populated area where fire might play an important role. However, the more important impacts on the Erica forests are the result of gradual forest degradation caused mainly by local farmers who use the area as a source of fuelwood and timber. Grazing of cattle is common in the afroalpine zone and in the ericaceous belt, whereas forest clearance for agriculture is the most important human impact on upper montane Erica forest in Simen. Although the Simen National Park was designated in 1969, buffer zones were not implemented until 1983.
Management considerations
All 4 study areas are currently national parks, so there is at least a theoretical possibility to control fires. It is doubtful, however, whether this would be sensible. Since fires are apparently rare in the Rwenzori, fire management is not an issue there. The situation is very different in the Bale Mountains and on Mount Elgon, where burning is definitely a major factor. If we accept that fires are almost exclusively man-made, the afroalpine and ericaceous belts in these ranges are by no means in a truly "natural" state. As a consequence, traditional nature conservation policy would suggest the use of law enforcement to patrol fires. While it is doubtful that park management authorities have the necessary capabilities, it is also possible to make several theoretical arguments against a zero-burning manage-ment scheme. Observations of postfire successions on Mount Elgon revealed that biodiversity is generally maintained except when fires are extremely hot and when they do not occur every few years. Parts of the ericaceous belt of Mount Elgon have been burned at least since the middle of the last century (Dale 1940) , but so far, no extinction of the vascular plant flora has been observed. One of the authors had no difficulty collecting specimens of all known afroalpine endemics on Mount Elgon. But fires may still cause severe soil erosion problems on steep slopes. This is a general land use problem, however, and of relatively minor importance in the gently sloping afroalpine zone of Mount Elgon and the Aberdare Mountains.
Without fires, ericaceous vegetation would undoubtedly replace large areas of today's afroalpine grasslands. Vast areas of impenetrable ericaceous forest and scrub are undesirable in terms of biodiversity and in relation to tourism in afroalpine environments. Moreover, if a zero-burning management scheme is adopted, biomass would accumulate with a danger of increasingly severe fires. As soon as fuel is abundantly available, even a single poacher can destroy large areas with one match. Such fires would not only be extensive but also relatively hot. Very hot fires on Mount Elgon even killed tussock grasses and apparently sterilized the topsoil. Regeneration on such plots was extremely slow since few plants survived and almost no seedlings emerged. Even 2 years after a fire, vegetation was very scattered and the species set impoverished. Thus, occasional but controlled fires might be the better management option.
Even in a landscape free of humans, the ericaceous belt would not have a homogenous structure. Edaphical and topographical conditions (eg, waterlogging) introduce some variation. More important, herbivores would be much more common in a natural landscape and also hamper the growth of woody plants. Buffalo herds are common on the well-protected eastern side of Mount Elgon, and damaged shrubs and giant groundsels (Dendrosenecio elgonensis) were seen as high as 3800 m. This correlates with observations on Mount Kenya (Mulkey et al 1984) .
We conclude that the present-day appearance of the ericaceous belt is largely a result of man-made fires. Nonetheless, the "natural" afroalpine vegetation will be patchy as well, given that edaphic conditions and notably large herbivores introduce some heterogeneity. As large herbivores will remain rare in the region's mountains in the near future, a prescribed burning scheme can be regarded as a sensible measure for conservation of nature.
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